The lactic acid fermentation of instant Chinese noodle sheet by Lactobacillus plantarum NRIC 0380 changed the noodle quality as evaluated by texture and sensory tests. This interesting change was induced by only a short 2-h fermentation time, however the noodle quality subsequently degraded with prolongation of the fermentation of up to 24 h. SDS-PAGE analysis of proteins in the noodle sheet indicated no change in proteins extracted from the 2-h fermented noodle sheet compared to non-fermented noodle sheet. In contrast, native-PAGE analysis showed a shift in molecular weight of gluten proteins, with those extracted from the 2-h fermented noodle sheet having a higher molecular weight than those from nonfermented noodle sheet. These results strongly suggested a conformational change of gluten proteins in the noodle sheet caused by the short 2-h fermentation. The 2-h lactic acid fermentation decreased the pH from 8.5 to 7.5, but gluten proteins extracted from noodle sheet made with the addition of lactic acid to adjust the pH to 7.3 did not show this increase in molecular weight. Thus, the change from native state of gluten proteins does not seem to be induced by the presence of the lactic acid itself but by other factor(s) associated with lactic acid fermentation. On the other hand, the reduction of noodle quality by prolonged fermentation for up to 24 h seems to induce degradation of albumin and globulin proteins as revealed by SDS-PAGE analysis and also the change in the native state of gluten proteins as detected by native-PAGE analysis.
Introduction
Sourbreads are well-known wheat foods that apply lactic acid fermentation. Sourdough fermentation has some beneficial effects on bread quality such as prolonged shelf life Lavermicocca et al., 2000) , increased loaf volume and delayed staling (Armero et al., 1998; Collar et al., 1994) , improved bread flavor (Thiele et al., 2002) and improved nutritional quality based on a lowered glycemic index (Liljeberg and Björck, 1996) . We applied lactic acid fermentation by Lactobacillus plantarum NRIC 0380 to make a new-type of wheat food: a fermented instant Chinese noodle (Sawatari et al., 2005) . A short 2-h fermentation time with instant Chinese noodle sheet resulted in a decrease in pH from 8.5 to 7.5. This improved the hardness and elasticity of the noodle. In contrast, when the fermentation time was prolonged to 24 h, the pH decreased from 7.5 to 4.0, and the quality of noodle deteriorated, the noodle becoming too soft. The degradation of noodle quality may be attributable to proteolytic enzymes that are at work in the acidic environment in sourdough (Loponen et al., 2004) . The mechanisms of improvement of sensory quality, however, are not clear.
Gliadins and glutenins are the major proteins in wheat grains and are considered to be the major determinants for wheat flour quality for end-products such as bread, noodles, cookies and so on. We have already confirmed that specific low molecular weight glutenin subunits (LMW-GSs) are associated with bread-making quality (Maruyama-Funatsuki et al., 2004 . Qualitative and quantitative changes of such LMW-GSs and high molecular weight glutenin subunits (HMW-GSs) in wheat mill streams also affect instant Chinese noodle quality (Yahata et al., 2006) . Specific proteins, including many glutenin and gliadin proteins, are also found in soft, strong and extra-strong wheat flour, which indicates the important role of such proteins in determining wheat flour quality . These glutenin and gliadin proteins make gluten networks through the wheat dough formation process. The structure of a gluten network depends mainly upon the inter-and intra-molecular disulfide bonds between the thiol groups of glutenin subunit proteins, interchain hydrogen bonds of glutenin subunits, and inter-molecular disulfide linkages of gliadin proteins (Belton 1999) . These disulfide bonds and the hydrogen bonds in glutenin subunits proteins produce higher molecular polymers. In contrast, gliadin proteins, can establish only a monomeric structure because of the inter-molecular disulfide linkages. The polymeric form of glutenin proteins correlates to the strength and elasticity of wheat dough and the monomeric gliadin protein affects the dough viscosity (Shewry et al., 1992 , Belton 1999 . Accordingly, glutenin and gliadin proteins are closely associated with wheat flour and dough quality. We therefore investigated whether or not the improved noodle quality with lactic acid fermentation is due to a change in glutenin and gliadin proteins.
Materials and Methods
Preparation of fermented instant Chinese noodle sheets and instant Chinese noodle samples Fermented instant Chinese noodle sheets and instant Chinese noodle samples were made principally as described by Sawatari et al. (2005) . Wheat flour of the Japanese wheat cultivar 'Hokushin' was used as a soft flour. Lactobacillus plantarum NRIC 0380 was used for noodle sheet fermentation. The noodle sheets were incubated with L. plantarum NRIC 0380 at 30 ℃, and samples were taken after 0 (control), 2, 6 and 24 h of fermentation. Samples were then stored at -80 ℃ until use.
pH measurement pH of the noodle sheets after 0 (control), 2, 6, 24 h of fermentation was measured as described by Sawatari et al. (2005) .
Preparation of gluten Fermented noodle sheets and control samples of un-fermented sheets were ground in a mortar and a pestle with liquid nitrogen. The gluten was then precipitated by stirring with a large volume of 0.5 M NaCl overnight at 4 ℃, followed by washing the precipitate with distilled water and then lyophilization. The dried material was then used for the native-PAGE analysis.
Protein extraction Proteins in the fermented noodle sheets and control samples were extracted as described by Di Cagno et al. (2002) and Weiss et al. (1993) with modification. One gram of instant Chinese noodle sheet was diluted with 4 ml 50 mM Tris-HCl (pH 8.8), held at 4 ℃ for 1 h with vortexing at 15 min intervals, and centrifuged at 20,000 × g for 20 min at 4 ℃. The supernatant was stored (A: saltsoluble proteins including albumins and globulins). The pellets were then further extracted twice with 50 mM TrisHCl (pH 8.8), and the supernatants were discarded in order to minimize cross contamination. After being washed with distilled water to remove buffer ions, the pellets were diluted with 4 ml of 75%(v/v) ethanol, stirred at 25 ℃ for 2 h, and centrifuged as described above. The supernatant was stored (B: alcohol-soluble proteins including gliadins). The extraction by ethanol was also repeated twice. Residual ethanol was eliminated by resuspending the pellets with distilled water and centrifugation. Finally, the pellets were diluted with 4 ml of SDS-dithiothreitol (DTT) mixture (50 mM TrisHCl (pH 8.8), 1 % (w/v) SDS, 0.5% (w/v) DTT), held at room temperature for 2 hr, vortexing at 15 min intervals, and centrifuged as described above. The supernatant was stored (C: SDS/DTT-soluble proteins including glutenins) at -80 ℃ until use.
SDS-PAGE of proteins in the instant
Chinese noodle sheets SDS-PAGE analysis was carried out as described previously (Yahata et al., 2006) . The protein samples of the salt soluble proteins, the alcohol soluble proteins and the SDS/DTT soluble proteins prepared from the instant Chinese noodle sheets were diluted with equal volumes of SDS-PAGE sample buffer (50 mM Tris-HCl (pH 8.8), 6 mM urea, 2 % (w/v) SDS, 1 % (w/v) DTT, 30% (v/v) glycerol, and 0.002 % (w/v) BPB). The proteins were then analyzed by horizontal SDS-PAGE using Multiphor II apparatus with ExcelGel Homogeneous 12.5 (Amersham Biosciences). Three µl of samples were electrophoresed at 25 mA for 3 h at 15 ℃. The resulting gels were stained by Fastgel blue-R (Amersham Biosciences).
Native-PAGE analysis of gluten The procedure was similar to the SDS-PAGE method described above except SDS and DTT were omitted from all solutions used. The gluten sample was dissolved in 1% SDS and 0.01% acetic acid according to Field et al., (1983) , then mixed with an equal volume of SDS-PAGE sample buffer without SDS and DTT (125 mM Tris-HCl, pH 6.8, 20% (v/v) glycerol, 0.002% (w/v) BPB). Native-PAGE was carried out using a 6-16% gradient non-SDS-PAGE mini gel (TEFCO). The running buffer contained 25 mM Tris-HCl, pH 8.2 and 192 mM glycine. After maintaining the gel at a constant current (10 mA) for 3-4 h at 4 ℃, the gels were stained by Fastgel blue-R (Amersham Biosciences).
Textural and sensory analysis of fermented noodle The texture of the fermented instant Chinese noodle was analyzed according to Yahata et al., (2006) . Instant Chinese noodles were rehydrated in boiled tap water for 4 min. Two replicates of the rehydrated noodles were then evaluated by a texture profile analysis (TPA), using a single-axis compression and tension type of rheology meter (TA-XT Plus texture analyzer Stabel Micro Systems, Surrey, England). After rehydration, one noodle strand was placed on a flat metal plate with a 2.0-mm slit, and a cut test with an A/CKB craft knife blade was performed at a crosshead speed of 1.0 mm/s. Force-time curves from TPA were used to determine the cut force, cut energy and elasticity according to the analysis software, Texture Exponent 32.
The texture of the instant Chinese noodle was also examined by quantitative descriptive analysis (QDA) (Stone and Sidel, 2004) , which is a known abstract sensory evaluation with statistical reliability (Yahata et al., 2006) . This sensory evaluation is actually used to gain precise information about sensory properties including the total balance of the texture of the food sample. The instant Chinese noodles were evaluated by a trained panel of 15-20 members of Toyo Suisan Kaisha, Ltd., Tokyo, Japan. These panelists were chosen for their knowledge of instant noodles and of how to eat for evaluation. Around 70 g of instant Chinese noodle was rehydrated in boiled tap water for 4 min. The textural characteristics (hardness, resilience, crispness, delay in elongation, springiness and smoothness) were evaluated and scaled from 1 (low intensity) to 7 (high intensity). The total balance of the texture of the instant Chinese noodle was also examined by this QDA. The sensory evaluation data was statistically assessed with a t-test.
Results and Discussion
Change in pH by the fermentation The pH of the instant Chinese noodle sheets during the fermentation were measured (Fig. 1) . At the beginning of the fermentation, the pH was 8.68. pH then gradually decreased to 7.4 after 2 h of fermentation. This pH was close to that of the improved sensory feature observed in an instant Chinese noodle made with specific strong wheat flour (Sawatari et al., 2005) . Finally, the pH decreased and reached 6.38 after 6 h and 3.98 after 24 h of fermentation. The decrease in pH from alkaline (pH 8.68) to acid (pH 3.98) during 24-h fermentation of the instant Chinese noodle sheets seems to be caused by the accumulation of lactic acid and acetic acid during fermentation with L. plantarum NRIC 0380 (Sawatari et al., 2005) . In the control experiment without fermentation, however, only a slight decrease in pH was observed (Fig.1) .
Changes of instant Chinese noodle texture with the fermentation
Texture properties (cut energy, cut force and elasticity) of fermented instant Chinese noodle were analyzed. The values of all three properties increased after a 2-h fermentation (Fig. 2) but then returned to their initial values after a 6-h fermentation. Prolonged fermentation of up to 24 h, however, induced a significant decrease in the cut energy and cut force (Figs. 2A, 2B ). For the control series (without L. plantarum NRIC 0380 fermentation), an increase in the values of these properties was also observed after a 2-h incubation period (Fig. 2) . However, the observed increases in fermented samples were significantly higher than those in the control series. Thus the short fermentation time of 2 h was able to improve the rheological properties, cut energy, cut force, and elasticity, of noodle sheet. In contrast, longterm fermentation for 24 h degraded the noodle quality and is therefore not suitable for instant Chinese noodle (Fig. 2) .
In a previous report, we found that instant Chinese noodle made with the soft wheat flour, "Hokusin", showed the undesirable characteristic of easily becoming soggy upon rehydration regardless of its higher rheological values (Yahata et al., 2006) . We therefore examined whether the change in the rheological properties due to fermentation affects the sensory properties of the noodle including the smoothness, hardness, resilience, crispness, elasticity and delay in elongation measured by QDA. Hardness and elasticity increased Fermentation time (hｒ) pH with up to 2 h of fermentation and decreased from then on (Figs. 3B, 3E) , whereas smoothness and resilience decreased with up to 2 h of fermentation and increased from then on (Figs. 3A, 3C ). Crispness and delay in elongation decreased during fermentation (Figs. 3D, 3F ). Such improvement of the values of hardness and elasticity with short fermentation time was also observed in fermented instant Chinese noodles made from a specific strong wheat flour suitable for instant Chinese noodles (Sawatari et al., 2005) . In contrast, long fermentation time seemed to degrade the quality of the noodle, especially the hardness, crispness, elasticity, and delay in elongation. With the control series (without fermentation), we also found an increase in hardness, elasticity and delay in elongation (Figs. 3B, 3E, 3F) . Thus, the improved rheological properties with the 2-h fermentation (Fig. 2) seems not to affect any of the sensory properties significantly. From the viewpoint of the food industry, the total balance in the texture of noodle is highly important. We therefore examined whether or not these changes in the rheological and sensory properties (Figs. 2, 3 ) improved the total balance in the texture of the noodle. Interestingly, we found an increase in the total balance point of the fermented Chinese noodles at 2-h fermentation in contrast to the control that showed a decrease (Fig. 4) . From these results, we were able to conclude that a short period of fermentation is necessary to improve noodle quality.
E. yahata et al. Analysis of the change in proteins in instant Chinese noodle sheet during the fermentation by SDS-PAGE and Native-PAGE As shown above, interesting changes of noodle quality were induced only with short fermentation time by L. lantarum NRIC 0380. However the mechanisms of these improvements are not clear. Gluten, composed of glutenin and gliadin, is a major factor in determining dough quality. In addition, fermentation of wheat sourdough appears to induce a change in dough quality through degradation of the glutenin proteins (Loponen et al., 2004) . We therefore examined whether or not fermentation could affect gliadins and/or glutenins in instant Chinese noodle sheet. We extracted and fractionated proteins from instant Chinese noodle sheet, and then analyzed them with SDS-PAGE. The protein patterns of fraction A (mainly composed of salt-soluble proteins including albumins and globulins) did not show remarkable change with up to 6 h of fermentation. However, proteins having molecular weight above 45 kDa degraded significantly after 24 h of fermentation (Fig. 5A) . In contrast, the protein patterns of fraction B (alcohol-soluble proteins including gliadins) and fraction C (SDS/DTT-soluble proteins including glutenins) did not show appreciable change with fermentation time (Figs. 5B, 5C ). Autodigestion of wheat proteins, as shown by increase of free α-amino nitrogen, has been demonstrated by the action of endogenous proteolytic activities in wheat flour after incubation at pH 4.0 at 37 ℃ (Bleukx et al., 1997) . Thus, the accelerated proteinase activity under acidic conditions with prolonged fermentation time of up to 24 h seemed to work for the degradation of such proteins. The involvement of microbial proteolytic activities in this degradation remains to be elucidated.
We could not find any change in glutenin and gliadin after 2 h of fermentation (Fig. 5) . Such changes of noodle quality detected by texture analysis (Figs. 2, 3 , 4) seem to correlate with the conformation of gluten proteins in the noodle, which depends on many factors such as disulfide bonds, hydrogen bonds and weaker forces (Belton 1999 , Loponen, et al., 2004 , Masci et al., 1998 , Orsi et al., 2001 . Thus, in order to distinguish clearly the difference between the native state of gluten proteins that are present in the fermented noodle and those in non-fermented noodle, we analyzed the gluten proteins using native-PAGE. As shown Figure 6 , we observed a shift of the major protein band to a higher molecular weight position after 2-h fermentation, which was retained after 6-h fermentation but which became smeared after prolonged fermentation of up to 24 h. Before the start of fermentation, this band indicated a molecular weight of around 800 kDa. Interestingly, after 2 h of fermentation, this protein band ran slowly on a native-PAGE gel and exhibited a molecular weight of around 1,000 kDa. We could not find a corresponding shift in the gluten band of the control extracted from non-fermented noodle sheets according to their maturation up to 24 h (data not shown). Furthermore, SDS-PAGE analysis revealed that there were no differences in protein bands on SDS-PAGE gel between gluten proteins extracted from non-fermented instant Chinese noodle sheet and E. yahata et al. those from the 2-h fermented sheets (data not shown). These results suggested the conformational change of the gluten proteins involves a more highly polymerized state with short fermentation time. We further analyzed whether the pH change due to lactic acid accumulation could induce such a change or not. As pH dropped to 7.3 with 2-h fermentation of instant Chinese noodle (Fig. 1) , lactic acid was added to the instant Chinese noodle sheet that had not been inoculated with L. plantarum NRIC 0380 (2.26 g lactic acid / kg wheat flour) in order to simply adjust the pH of the noodle to 7.3. The glutens were then extracted and applied to native-PAGE. We could not find a shift of the protein band corresponding to that previously observed (Fig. 6) . Thus, lactic acid alone did not affect the structure of the gluten proteins. This result was consistent with a report in which lactic acid itself did not induce a change in disulfide bond content in wheat dough (Shiau and Yeh, 2001) . Production of H 2 O 2 by the lactic fermentation process in many Lactobacilli has been reported (Archibald and Fridovich, 1981; Kono and Fridovich, 1983a , 1983b , Wilks et al., 2004 , and L. plantarum has been shown to produce millimolar concentrations of H 2 O 2 (Archibald and Fridovich, 1981; Kono and Fridovich, 1983b) . Therefore, it is likely that H 2 O 2 also accumulated in the fermented instant Chinese noodle sheets during fermentation with L. plantarum NRIC 0380. Interestingly, sourdoughs fermented by L. sakei are known to produce H 2 O 2 , showing a decrease in SH levels probably due to oxidative cross-linking of gluten proteins (Vermeulen et al., 2005) . Thus, the observed shift in the molecular weight of glutens (Fig. 6 ) may also be explained by a similar mechanism, suggesting a new approach for improving dough quality by the use of lactic acid fermentation, whereas the smearing of the gluten band after prolonged fermentation of up to 24 h seemed to be induced by the endogenous proteolytic activities of wheat flour (Fig. 6) (Bleukx et al., 1997) . , and 24 h, and also from instant Chinese noodle sheet mixed with lactic acid to fix the pH at 7.3. The extracted proteins were then analyzed using native-PAGE. The 0, 2, 6 and 24 are the fermentation time and 7.3 shows the pH level of the instant Chinese noodle sheet. Arrows indicate the main gluten protein bands.
